The purpose of this study was to investigate the effect of the home-based virtual reality (VR) on upper extremity motor function in hemiparetic stroke patients. Two matched subjects with left hemiplegia were volunteered to participate in this study. One subject received the home-based VR whereas the other subject recovered a modified home-based constraint-induced movement therapy (CIMT). Both interventions were given for 4 hours x 5 times a week for 4 weeks. Outcome measures included Fugl-Meyer Assessment (FMA), Motor Activity Log (MAL), and Wolf Motor Function Test (WMFT). The VR-trained subject showed considerable improvement in all the tested motor functions when compared with the home-based CIMT. Specifically, the FMA measure demonstrated that the VR subject showed 17% enhancement whereas the CIMT subject showed 5% increase. Similarly, Amount of Use (AOU) and Quality of Movement (QOM) of the MAL scores of the VR subject showed 40% and 20% increase whereas the CIMT subject showed 0% and 20% increase, respectively. The WMFT scores of the VR subject and CIMT subject showed 20% increase. Our home-based VR was effective in upper extremity motor recovery of chronic hemiparetic patients even when compared with the well-established CIMT approach in stroke victims. 
Introduction
Hemiparetic stroke is a major leading cause of physical impairments and disabilities associated with upper extremity (UE) motor function such as reaching and grasping [1] . Such UE motor tasks are essential for independent activities of daily living (ADLs) and quality of life [1, 2] . It has been suggested that UE motor dysfunction may result from underutilization of the affected limb following stroke [3] . For example, a hemiparetic stroke patient may attempt to use the affected limbs, but fail to perform motor tasks due to the underlying pathophysiology during the initial period of diaschisis [4] . Then the subject develops learned nonuse phenomenon where the subject does not utilize the affected limb rather compensate with the unaffected limbs.
This learned nonuse assumption was elucidated by an empirical neuroimaging study which highlighted cortical suppression in the motor representation of the paretic hand that was underutilized [4, 5] .
To address chronic UE motor dysfunction after stroke, various therapeutic interventions including neurofacilitation techniques [6] , strengthening with functional electrical stimulation [7] , biofeedback [8] , constraint-induced movement therapy (CIMT) [9, 10] , and virtual reality (VR) [4] have been used to promote functional motor recovery, but outcome studies have produced inconsistent results [1] . Among these interventions, the CIMT and center-based VR were found to yield meaningful neuroplastic changes and associated upper extremity motor recovery in hemiparetic stroke patients. CIMT focuses on increasing or forcing the amount of use in the paretic arm to improve UE motor function in hemiparetic stroke patients [9] . Patients must practice functional hand motor tasks with the paretic hand while the intact hand is restricted by a customized mitten or a splint for 6-8 hours to prevent any compensation at a laboratory setting [11] .
Virtual reality (VR) involves an interactive, enjoyable, and motivating exercise games that can be systematically curtailed based on the patient's baseline motor performance and premorbid sports or recreational activity such as soccer or cooking. VR is a simulation of a real world environment that is generated by sophisticated computer software and human-machine interface technology. Most commercialized VR systems are center (or laboratory)-based, which often used at laboratory and clinical settings [12, 4] . Therefore, CIMT can poise multiple practical issues of cost-effectiveness, safety, and compliance, whereas a center-based VR may have limitations in terms of portability and carry-over effects at home environments.
Extending our previous studies in a laboratory-based VR experiment [12, 13, 14] , we have developed the home-based CIMT and VR paradigms where the patients can receive the interventions at home for 4 weeks. The purpose of this case study was to investigate the effect of the home-based VR interventions on UE motor performance and recovery in hemiparetic stroke patients.
This case study was also to compare the effects of the home-based CIMT and home-based VR interventions on UE motor performance for stroke patients. Our basic premise was that the home-based VR trained subject would show greater improvement in the UE motor recovery after training. Our other premise was that the VR trained subject would show greater improvement in the UE motor recovery than the CIMT trained subject because enjoyable and realistic VR games may promote greater motivation and compliance than CIMT, which in turn help enhancing functional motor skills of the upper extremity and helping to overcome learned nonuse. severe spasticity or tremor [15] .
Methods

Subjects
SJS was a 53-year-old woman who was independent in ambulation and had no apparent medical problems.
Diagnostic MRI showed that she had a right cerebral infarct with resulting left hemiparesis. Before the stroke, she lived with her family and her occupation was a hair designer. Upon the admission to a local hospital, she had received intensive physical therapy 4 times a week for 3 months and followed by outpatient physical therapy 2 times a week for 9 months. At the time of her discharge from the outpatient rehabilitation center, she was unable to reach fully and grasp an object. Hence, she predominantly used her unaffected left hand for reaching and grasping tasks. She was able to put her clothes, but required assistance with fastener and zippers. When she attempted to wash dishes and cut cabbage, she failed to stabilize dishes or cabbage with her affected hand.
However, she was able to ambulate indoors independently. 
Procedure
This study was an experimental blind design where the therapists who provided the intervention did not know whether or not the patients were being investigated for the study. Pre and post-tests included motor function tests, The modified home-based CIMT was designed to help the patient overcome the nonuse phenomenon at home and was conceptually based on the models validated to be effective with experimental research with primates [3, 10] .
Specifically, the modified home-based CIMT involved intensive, repetitive, and functional motor task retraining of the affected upper extremity while the less involved limb was constrained by a mitten. Functional motor tasks included brushing teeth, washing face, folding a towel and cloth, answering phone, and cooking. The patient was instructed to use the affected upper extremity.
VR-Game Intervention
The home-based VR exercise games were used to facilitate the utilization of the effected upper extremity motor performance. The home-based SONY Playstation II virtual reality system (SONY corporation) are interactive, play-based exercise games. The system requires a television monitor, a videoplayer system requires a television, a video camera, virtual reality software (eye toy). The video camera is used to capture and track movement and immerse the patient inside the VR scene.
The VR games included soccer, 
Outcome Measures
The upper limb subtest of the Fugl-Meyer assessment (FMA) was used to examine sensation, range of motion, reflexes, synergy, muscle strength, and movement speed and coordination. Each item is graded on a 3-point ordinal scale (0=cannot perform; 1=can perform partially; 2=can perform fully). The score ranges from 0 to 66 (normal).
Test-retest reliability and construct validity were reported to be significantly high, ranging from r=.98 to r=1.00 (P <0.05) [16, 17] .
The modified motor activity log (MAL) was used to 
Statistical Analysis
Pre and post-test was used to examine the difference in the FMA, MAL, and WMFT between the home-based VR-game subject and home-based constraint-induced movement therapy subject.
Results
Descriptive statistics of functional motor scores preand post-intervention are presented in Table 2 . 
Discussion
Our finding in FMA measures showed that relative improvement between the pre and post-VR was greater than those of CIMT. This was consistent with the previous studies that investigated the effect of center-based [13, 14] and home-based VR [21, 22] exercise in patients with chronic stroke. However, our VR about CIMT using self-report questionnaire [2] . They reported that 68% of patients with stroke would not want to participate in CIMT, and 65% of the patients would participate in CIMT agreed that they were somewhat or extremely unlikely to adhere to the CIMT protocol. They also reported that most therapists replied that development of an engaging, challenging 6-hour protocol would be difficult. In reference to the CIMT restrictive device schedule, therapists were concerned with compromises in independent activities and safety because the CIMT protocol endangered patients impaired by balance. In this study, LYH was unlikely to adhere to the 4-hour CIMT program, it will be used extensively in rehabilitation unit.
Second, CIMT protocol is modified more enjoy and engage.
Conclusion
The home-based VR training program was effective when compared to the home-based CIMT training program in stroke. Our results suggest that the VR trained patient showed more improvement in upper extremity motor recovery, function, and amount and quality of movement of the affected hand during daily activities of living. However, the subjects participated in this study
were not matched such as functional level and neurological injury areas. 
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